Abstract-This study investigates the rate estimation problem encountered in rehabilitation exercise monitoring by using noninvasive portable sensors. The purpose of this paper has two main parts. The first part is to find suitable approaches for the rate detection of tri-axial accelerometer (TA) signals and ECG signals respectively. It is found that the integral type approaches (the average magnitude difference function (AMDF) and autocorrelation function (ACF)) are particularly suitable for TA signal pre-processing, while differential type approaches are very efficient for electrocardiographic (ECG) signal pre-processing. The second part is to develop a square wave matching method to detect the rate from the pre-processed signals. Experimental results indicate that the proposed methods can effectively detect pace rate from TA and heart rate from ECG and remove undesirable spikes.
I. INTRODUCTION
An increasing health problem in the developed world is that of chronic conditions associated with aging such as cardiovascular disease and diabetes. Exercise and regular daily physical activities are of vital importance in the management of chronic diseases [1, 2] . In order to alleviate the burden of supervision placed on health professionals during the cardiovascular rehabilitation of a patient, wireless sensor based healthy monitoring systems are well developed. This paper investigates rate estimation approaches for the detection of exercises rate and heart rate from wireless tri-axial accelerometer and ECG signals respectively. Exercise rate is a direct reflection of exercise intensity. The heart rate is a measurement of cardiovascular response to exercise [3, 4] . The analysis of heart rate has also proven useful in understanding cardiovascular regulation in a range of conditions, including heart failure, diabetes and hypertension [5, 6] .
The Autocorrelation Function (ACF) and Average Magnitude Difference Function (AMDF) are widely used for rate detection [7] . As they involve integral ( These types of approaches are effective for random noise reduction. For the rate detection of tri-axial accelerometer (TA), integral type approaches have been built based on ACF and AMDF to eliminate random noise.
The short-term autocorrelation function (ACF) is one of the popular pitch detection methods, which can be written as (1):
Where x(n) are the samples of input discrete signal, x (n-m) are the samples time shifted m periods, and N is the length of an analysis frame. In practice, the single ACF algorithm is competent in diminishing random noise in signal processing.
The average magnitude difference function (AMDF) is one of the useful algorithms in the field of speech processing. It has been widely used for detecting pitch or fundamental frequency [8] . The AMDF of a discrete signal x(n) is defined by (2):
AMDF and ACF are frequently used to analyze the fundamental frequency of a regular periodic signal. We applied these two methods in the preprocessing of TA signal. A real-time algorithm has been developed based on AMDF and ACF. We found that under a strong random noise background, the combination of ACF and AMDF or repeat usage of ACF and AMDF are extremely effective [9, 10] .
However, it is proven that the integral type approaches are not suitable for the pre-processing of ECG as they may reduce some high frequency signals, such as the R peak. Based on this consideration, the differential type function combined with a square wave matching detection algorithm has been developed (see Figure 1 ), which uses a square wave to match an ECG signal.
Even if ECG signals are not well represented by the device, heart rate can still be detected accurately by the square wave matching method.
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II. METHODOLOGY
Methods for calculating rate based on ACF and AMDF have been introduced previously. The choice between them depends on the level of noise in the TA signal. For the white random noise, the ACF and AMDF can be used to detect the TA rate. If the noise is strong, after ACF or AMDF are used once, the noise will be reduced, but the signal may still not be uniformly smooth. Therefore we can attempt to apply double ACF, double AMDF or ACF+AMDF. These two integral methods will be compared and presented in section III. Meanwhile, the differential method is optimal for the weak noise in ECG signals. The developed square wave matching approach is illustrated by using Figure 2 . To apply the square wave matching method in the TA or heart rate signals, an appropriate threshold needs to be selected. Assume the input signal is x(k), then the generate square wave y(k) can be described as:
The integers tai and tbi can be estimated by using the following conditions:
For ai t and bi t , i = 1,2,3…,k :
The next step is to calculate the t i by using the following equation:
The period T can be calculated as:
It is noted that the estimated heart rate from using the proposed square wave matching method may be affected by the threshold values selected. In Figure 3 , if the selected threshold value is th1, we cannot detect the heart rate properly because there is no peak in the piece of ECG signals which can reach this threshold level. On the other hand, for the threshold th3, both P and T peaks will be counted. Therefore, the estimated rate should be divided by 2. The threshold th2 is a proper selection because only R peak can be detected by this threshold. To reduce the threshold sensitivity, we pre-process the ECG signal by differentiation and obtained desired results (See Section III). 
III. EXPERIMENTAL VERIFICATION
In order to test the proposed approaches, we generated TA and ECG data by using "Heart and Activity Monitor" (HM131) manufactured by Alive Technologies Pty, Ltd Australia. The monitor has a built-in Bluetooth interface, which provides a wireless connection between the patient and host receiving system. ECG and accelerometer data is transmitted in real time over a Bluetooth SPP connection. The ECG signal was sampled at 300 samples per second, while the TA signal was sampled at 75 samples per second.
According to Equations (1) and (2), both ACF and AMDF have the advantage of being simple and effective for random noise reduction. The rate can be correctly detected from TA signal by using the integral type of approach (AMDF or ACF) (see Figure 4 and 5).
The ACF 2 method, in contrast to the integral ACF or AMDF, has the advantage of making the TA signal smoother. Meanwhile, the ECG signal cannot be preprocessed by the integral method. As discussed before, the square wave matching method is sensitive to the selected threshold level. To minimize the sensitivity, the differential method has been implemented to pre-process the ECG signal. The proposed square wave matching method has been used to determine the heart rate from the preprocessed ECG signal as shown in Figure 9 . 
